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(57) An apparatus tor monitoring a blood pressure 
of a living subject, comprising: first judging means 
(92.SB9) for judging whether a physical parameter 
related to the blood pressure falls within a first reference 
range; an alarm device (98.SB10) which outputs an 
alarm when the first judging means makes a first nega- 
tive judgment; second judging means (94.SB11) for 
judging whether the physical parameter falls within a 
second reference range which is contained in the first 
reference range; and a blood -pressure measuring 
device (96.SA7) which automatically measures, using a 
pressing band (10), a blood pressure of the subject 
when the second judging means makes a second neg- 
ative judgment. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a blood pres- 
sure monitoring apparatus for continuously monitoring a 
blood pressure of a living subject. 

RELATED ART STATEMENT 

[0002] There is known, as a blood pressure measur- 
ing apparatus for non-invasively measuring an intraarte- 
rial blood pressure of a subject, a so-called Korotokoff- 
sound blood pressure measuring apparatus or oscillom- 
etric blood pressure measuring apparatus. The Koro- 
tokoff -sound blood pressure measuring apparatus 
determines a blood pressure of the subject, based on a 
pressing pressure of a pressing band (a cuff) being 
wound around a portion of the subject at the time of 
occurrence or disappearance of Korotokoff sounds pro- 
duced by changing the pressing pressure of the press- 
ing band. The oscillometric blood pressure measuring 
apparatus determines a blood pressure of the subject, 
based on variation of amplitude of a pulse wave pro- 
duced while the pressing pressure of the pressing band 
is changed. 

[0003] In an operating room, an intensive care unit, or 
the like, it is needed to successively measure a blood 
pressure of a subject when an urgent medical treatment 
or cure is required. In the case where the above conven- 
tional blood pressure measuring apparatus is used, it 
takes several tens of seconds from a start of the blood 
pressure measurement to obtain a blood pressure of 
the subject. Moreover, if an interval between successive 
blood pressure measurements is shortened to obtain a 
blood pressure at a relatively short period, congestion 
occurs to a body portion of the subject due to high fre- 
quency of pressing of the pressing band, whereby 
errors occur to the blood pressure measurements. 
[0004] Further, there has been proposed a blood pres- 
sure monitoring apparatus including means for calculat- 
ing, based on a signal non-invasively obtained from a 
subject, a time of propagation of a pulse wave^which 
propagates through an artery of the subject, and means 
for starting a blood pressure measurement with a press- 
ing band (cuff), when an amount of change of the prop- 
agation time does not fall within a predetermined alarm 
range. An example of the blood pressure monitoring 
apparatus is disclosed in Laid-open Publication No. 7- 
313472 of unexamined Japanese Patent Application. In 
the disclosed apparatus, the distress of the subject due 
to the pressing of the pressing band is decreased, and 
a blood pressure measured using the pressing band is 
automatically obtained when the amount of change of 
the propagation time does not fall within the predeter- 
mined alarm range. 
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[0005] However, the above blood pressure monitoring 
apparatus discloses only a technique to start a blood 
pressure measurement with the pressing band when an 
amount of change of pulse-wave propagation time 

5 which changes in relation with the blood pressure of the 
subject does not fall within the alarm range. In this case, 
it takes several tens of seconds from the start of the 
blood pressure measurement with the pressing band, to 
obtain a blood pressure of the subject. Thus, the above 

10 apparatus can not speedily obtain a blood pressure of 
the subject when the amount of change of pulse-wave 
propagation time indicates an abnormal change of the 
blood pressure of the subject. Therefore, it is difficult to 
use the above blood pressure monitoring apparatus in 

15 the operating room, the intensive care unit, or the like, in 
which an urgent medical treatment or cure is required. 

SUMMERY OF THE INVENTION 

20 [0006] It is therefore an object of the present invention 
to provide a blood pressure monitoring apparatus which 
automatically measures, using a pressing band press- 
ing a portion of the subject a blood pressure of the sub- 
ject when a physical parameter (e.g.. a pulse-wave 

25 propagation velocity) which changes in relation with the 
blood pressure of the subject does not fall within a pre- 
determined alert range. 

[0007] The above object has been achieved by the 
present invention. According to the present invention, 
30 there is provided an apparatus for monitoring a blood 
pressure of a living subject, comprising: (a) first judging 
means for judging whether a physical parameter which 
is obtained from the subject and which changes in rela- 
tion with the blood pressure of the subject falls within a 
35 first reference range; (b) an alarm device which outputs 
an alarm when the first judging means makes a first 
negative judgment that the physical parameter does not 
fall within the first reference range; (c) second judging 
means for judging whether the physical parameter falls 
40 within a second reference range which is contained in 
the first reference range; and (d) a blood-pressure 
measuring device which includes a pressing band 
adapted to press a portion of the subject, and which 
automatically measures, using the pressing band, a 
45 blood pressure of the subject when the second judging 
means makes a second negative judgment that the 
physical parameter does not fall within the second refer- 
ence range. 

[0008] In the monitoring apparatus in accordance with 
so the invention, the blood -pressure measuring device 
automatically measures, using the pressing band press- 
ing a portion of the subject a blood pressure of the sub- 
ject when the second judging means judges that the 
physical parameter does not fall within the second refer - 
55 ence range. Thus, when the first judging means judges 
that the physical parameter does not fall within the first 
reference range, the blood pressure measurement with 
the pressing band has already been started. Accord- 
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ingly, the present apparatus can speedily obtain a blood 
pressure value measured using the pressing band, 
whereby a necessary medical treatment is quickly per- 
formed. 

[0009] According to a preferred feature of the inven- s 
tion, the apparatus further comprises first means for 
obtaining a time, DT, needed for a pulse wave to propa- 
gate between two different portions of an artery of the 
subject, second means for obtaining a heart-beat 
period. RR. of the subject third means for obtaining a 10 
ratio, VR, of an area defined by a volume pulse wave 
from a peripheral portion of the subject, to the heart- 
beat period RR, and estimating means for estimating, 
as the physical parameter of the subject, a blood pres- 
sure. EBP, of the subject, according to a predeter- is 
mined relationship between (A) blood pressure EBP, 
and (B1) time DT, (B21) period RR. and (B22) ratio 
VR, defined by a following expression: 
EBP = a(1/DT) + pRR + yVR + 8 . where a, p. and y 
are predetermined coefficients and 6 is a predetermined 20 
constant, based on the obtained time DT, the obtained 
period RR, and the obtained ratio VR. The two different 
portions of the artery may comprise the heart and cap- 
illaries of the subject. In the above apparatus, the esti- 
mating means estimates the intraarterial blood pressure 25 
based on the obtained period RR as the parameter on 
the side of the heart of the subject and the obtained 
ratio VR as the parameter on the side of the peripheral 
portion of the subject as well as the obtained time DT. In 
this case, it is not needed to frequently calibrate the esti- 30 
mating apparatus, based on an actual blood pressure of 
the subject measured by using a pressing band, 
because the estimated blood pressure enjoys higher 
accuracy in comparison with an estimated blood pres- 
sure which is estimated based on only the time DT. 35 
[0010] According to another feature of the invention, 
the apparatus further comprises a memory which stores 
data indicative of the coefficients a. p, y which are pre- 
determined by applying a multiple regression analysis 
to a plurality of sets of information obtained from at least 40 
one living person, each of the sets of information com- 
prising a blood pressure obtained from the person, and 
a time DT, a period RR, and a ratio VR obtained from 
the person when the Wood pressure is obtained from 
the person. Accordingly, the present apparatus can 45 
obtain a useful relationship for calculating an estimated 
blood pressure. *t ^ 

[001 1 ] According to another feature of the invention, 
the apparatus further comprises means for selecting, 
from a plurality of groups of predetermined coefficients so 
which correspond to a plurality of blood-pressure 
ranges, respectively, one group of predetermined coeffi- 
cients which corresponds to an estimated blood pres- 
sure of the subject estimated by the estimating means, 
so that the estimating means estimates a subsequent 55 
blood pressure of the subject according to the expres- 
sion including the selected group of coefficients. In this 
case, the apparatus can speedily select a suitable group 



of coefficients which corresponds to each of the esti- 
mated blood pressure values successively calculated 
by the estimating means. 

[0012] According to another feature of the invention, 
the apparatus further comprises means for selecting, 
from a plurality of groups of predetermined coefficients 
which correspond to a plurality of blood-pressure 
ranges, respectively, one group of predetermined coeffi- 
cients which corresponds to a blood pressure of the 
subject measured by the blood-pressure measuring 
device, so that the estimating means estimates a sub- 
sequent blood pressure of the subject according to the 
expression including the selected group of coefficients. 
In this case, the apparatus can speedily select a suita- 
ble group of coefficients (e.g., a. p, y) which corre- 
sponds to a more reliable blood pressure measured 
using the pressing band. 

[001 3] Accorcfing to another feature of the invention, 
the physical parameter of the subject is selected from 
the group consisting of a first parameter relating to 
velocity of propagation of a pulse wave which propa- 
gates through an artery of the subject; a second param- 
eter relating to heart rate of the subject; a third 
parameter relating to an area defined by a volume pulse 
wave obtained from a peripheral portion of the subject; 
a blood pressure estimated based on the first parameter 
and at least one of the second and third parameters; a 
rate of change of each of the first, second, and third 
parameters and the estimated blood pressure; and a 
percentage of an amount of change of each of the first, 
second, and third parameters and the estimated blood 
pressure, and the apparatus further comprises a display 
device which displays, in a two-dimensional coordinate 
system defined by a first axis indicative of time and a 
second axis indicative of the physical parameter, suc- 
cessively obtained data indicative of the physical 
parameter along the first axis, the display device dis- 
playing two first lines which are indicative of the upper 
and lower limits of the first reference range, respectively, 
and which are parallel to the first axis, and two second 
lines which are indicative of the upper and lower limits of 
the second reference range, respectively, and which are 
parallel to the first axis. In this case, it is possible for a 
medical worker to accurately recognize a time-wise 
change of the physical parameter, .and a relationship 
between the physical parameter and the first or second 
lines. 

[0014] According to another feature of the invention, 
the apparatus further comprises an output device which 
outputs at least one of a visible message indicating that 
the physical parameter does not fall within the second 
reference range and an audible message indicating that 
the physical parameter does not fall within the second 
reference range. In this case, it is possible for a medical 
worker to easily recognize an abnormality of the physi- 
cal parameter. 

[0015] According to another feature of the invention, 
the first means comprises a first pulse-wave sensor and 
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a second pulse-wave sensor which non-invasively 
detect the pulse wave from two different portions of the 
artery of the subject, respectively, and means for deter- 
mining the time DT needed for the pulse wave to propa- 
gate between the two different portions. 5 
[001 6] According to another feature of the invention, 
the second means comprises means for determining, 
as the period RR, a time difference between respective 
predetermined points of successive two heartbeat-syn- 
chronous pulses of the pulse wave detected by one of 10 
the first and second pulse-wave sensors. 
[0017] According to another feature of the invention, 
the third means comprises one of the first and second 
pulse-wave sensors, the one pulse-wave sensor detect- 
ing the volume pulse wave from the peripheral portion of is 
the subject. 

[001 8] According to another feature of the invention, 
the first and second pulse-wave sensors comprise an 
electrocardiograph and a photoelectric oximeter. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The above and optional objects, features, and 
advantages of the present invention will better be under- 
stood by reading the following detailed description of the 25 
preferred embodiments of the invention when consid- 
ered in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a diagrammatic view of a blood pressure 30 
estimating apparatus 8 embodying the present 
invention; 

Fig. 2 is a block diagram for illustrating essential 
functions of an electronic control device 28 of the 
apparatus of Fig. 1 ; 35 
Fig. 3 is a view to show a time difference DT RP 
obtained by the operation of the electronic control 
device 28; 

Fig. 4 is a view for explaining a volume-pulse-wave 
area VP; 40 
Fig. 5 is a view to show a plurality of groups of pre- 
determined coefficients for an expression (2) which 
correspond to a plurality of blood-pressure ranges, 
respectively; 

Fig. 6 is a flow chart representing an expression- 45 
determining routine according to which the appara- 
tus^ Fig. 1 is operated; 

Fig. 7 is a flow chart representing a blood pressure 
monitor routine according to which the apparatus of 
Fig. 1 is operated; so 
Fig. 8 is a view for illustrating a trend graph of esti- 
mated blood pressure EBP which is displayed by a 
display means 98; 

Fig. 9 is a flow chart representing a coefficient 
changing routine carried out at Step SB8 of Fig. 7; 55 
Fig. 1 0 is a view for illustrating fluctuations of heart- 
beat period RR and fluctuations of inverse of time 
difference DT RP which are obtained by the opera- 



tion of the electric control device 28 of the appara- 
tus of Fig. 1 ; and 

Fig. 1 1 is a view for illustrating spectrums which are 
obtained by applying a frequency analysis to the 
fluctuations of the period RR and the fluctuations of 
the inverse of the time difference DT RP 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] Referring to Fig. 1 , there will be described a 
blood pressure (BP) estimating apparatus 8 embodying 
the present invention. 

[0021] In Fig. 1, the BP estimating apparatus 8 
includes a cuff 10 which has a belt-like cloth bag and a 
rubber bag accommodated in the cloth bag and whvjr is 
adapted to be wound around an upper arm 12 a 
patient, for example, a pressure sensor 14, a selector 
valve 16 and an air pump 18 each of which is connected 
to the cuff 1 0 via a piping 20. The selector valve 1 6 is 
selectively placed in an inflation position in which the 
selector valve 16 permits a pressurized air to be sup- 
plied to the cuff 1 0, a slow<leflation position in which the 
selector valve 16 permits the pressurized air to be 
slowly discharged from the cuff 10, and a quick-defla- 
tion position in which the selector valve 16 permits the 
pressurized air to be quickly discharged from the cuff 
10. 

[0022] The pressure sensor 1 4 detects an air pressure 
in the cuff 10, and supplies a pressure signal SP repre- 
sentative of the detected pressure to each of a static 
pressure filter circuit 22 and a pulse-wave filter circuit 
24. The static pressure filter circuit 22 includes a low- 
pass filter and extracts, from the pressure signal SP, a 
static component contained in the signal SP, i.e., cuff 
pressure signal SK representative of the static cuff pres- 
sure. The cuff pressure signal SK is supplied to an elec- 
tronic control device 28 via an analog-to-digital (A/D) 
converter 26. The pulse-wave filter circuit 24 includes a 
band-pass filter and extracts, from the pressure signal 
SP, an oscillating component having predetermined fre- 
quencies, i.e., pulse-wave signal SM V The pulse-wave 
signal SM^ is supplied to the electronic control device 
28 via an A/D converter 30. The pulse-wave signal SM 1 
represents an oscillatory pressure wave which is pro- 
duced from a brachial artery (not shown) of the patient 
in synchronism with the heartbeat of the patient and is 
propagated to the cuff 1 0. 

[0023] The electronic control device 28 is provided by 
a so-called microcomputer including a central process- 
ing unit (CPU) 29. a read only memory (ROM) 31 , a ran- 
dom access memory (RAM) 33 and an input-and-output 
(I/O) port (not shown). The CPU 29 processes signals 
according to control programs pre-stored in the ROM 31 
by utilizing a temporary-storage function of the RAM 33. 
and supplies drive signals to the selector valve 16 and 
the air pump 18 through the I/O port. 
[0024] The BP estimating apparatus 8 further includes 
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an electrocardiographic (ECG) waveform detecting 
device 34 which continuously detects an ECG waveform 
representative of an action potential of a cardiac muscle 
of a living subject, through a plurality of electrodes 36 
being put on predetermined portions of the subject, and 5 
supplies an ECG waveform signal SM 2 representative 
of the detected ECG waveform to the electronic control 
device 28. The ECG waveform detecting device 34 is 
used for detecting a Q-wave or a R-wave of the ECG 
waveform which corresponds to a time point when the w 
output of blood from the heart of the subject toward the 
aorta of the subject is started. 

[0025] The BP estimating apparatus 8 still further 
includes a photoelectric pulse wave detecting probe 38 
(hereinafter, referred to as the "probe") which is T5 
employed as part of a pulse oximeter. The probe 38 
functions as a peripheral pulse wave detecting device 
for detecting a pulse wave propagated to a peripheral 
artery including capillaries. The probe 38 is adapted to 
be set on a skin or a body surface 40 of the subject, e.g., 20 
an end portion of a finger of the patient, with the help of 
a band (not shown) such that the probe 38 closely con- 
tacts the body surface 40. The probe 38 includes a con- 
tainer-like housing 42 which opens in a certain 
direction, a first and a second group of light emitting ele- 25 
ments 44a. 44b, such as LEDs (light emitting diodes), 
which are disposed on an outer peripheral portion of an 
inner bottom surface of the housing 42 (hereinafter. 
referred to as the light emitting elements 44 in the case 
where the first and second group of light emitting ele- 30 
ments 44a, 44b need not be discriminated from each 
other), a light receiving element 46, such as a photodi- 
ode or a phototransister, which is disposed on a central 
portion of the inner bottom surface of the housing 42, a 
transparent resin 48 which is integrally disposed in the 35 
housing 42 to cover the light emitting elements 44 and 
the light receiving element 46, and an annular shade 
member 50 which is disposed between the light emitting 
elements 44 and the light receiving element 46. for pre- 
venting the lights emitted toward the body surface 40 by 40 
the light emitting elements 44 and reflected from the 
body surface 40. from being received by the light receiv- 
ing element 46. 

[0026] The first and second groups of light emitting 
elements 44a. 44b emit a red light having about 660 nm 45 
wavelength and an infrared light having about 800nm 
wavelength, respectively. The first and second lighter:; 
emitting elements 44a, 44b alternately emit the red and 
infrared lights at a predetermined frequency. The lights 
emitted toward the body surface 40 by the light emitting so 
elements 44 are reflected from a body tissue of the sub- 
ject where a dense capillaries occur, and the reflected 
lights are received by the common light receiving ele- 
ment 46. In place of the 660 nm and 800 nm wave- 
lengths lights, the first and second light emitting ss 
elements 44a. 44b may employ various pairs of lights 
each pair of which have different wavelengths, so long 
as one light of each pair exhibits significantly different 



absorption factors with respect to oxygenated hemo- 
globin and reduced hemoglobin, respectively, and the 
other light exhibits substantially same absorption fac- 
tors with respect to the two sorts of hemoglobin, i.e., 
has a wavelength which is reflected by each of the two 
sorts of hemoglobin. 

[0027] The light receiving element 46 outputs, through 
a low-pass filter 52, a photoelectric pulse-wave signal 
SM 3 representative of an amount of the received light. 
The light receiving element 46 is connected to the low- 
pass filter 52 via an amplifier or the like. The low-pass 
filter 52 eliminates, from the photoelectric pulse-wave 
signal SM 3 input thereto, noise having frequencies 
higher than that of a pulse wave, and outputs the noise- 
free signal SM 3 , to a demultiplexer 54. The photoelectric 
pulse wave represented by the photoelectric pulse- 
wave signal SM 3 can be said as a volume pulse wave 
produced in synchronism with a pulse of the patient. 
That is, the photoelectric pulse wave is a pulse-synchro- 
nous wave. 

[0028] The demultiplexer 54 is alternately switched 
according to signals supplied thereto from the electronic 
control device 28 in synchronism with the light emis- 
sions of the first and second light emitting elements 44a, 
44b. Thus, the demultiplexer 54 successively supplies, 
to the I/O port (not shown) of the electronic control 
device 28, an electric signal SM R representative of the 
red light through a first sample-and-hold circuit 56 and 
an A/D converter 58, and an electric signal SMi R repre- 
sentative of the infrared light through a second sample- 
and-hold circuit 60 and an A/D converter 62. The first 
and second sample-and-hold circuits 56, 60 hold the 
electric signals SM R , SM, R input thereto, respectively, 
and do not output those electric signals to the A/D con- 
verters 58. 62, before the prior signals SM R . SM, R are 
completely converted by the two A/D converters 58, 62, 
respectively. 

[0029] In the electronic control device 28, the CPU 29 
carries out a measuring operation according to control 
programs pre-stored in the ROM 31 by utilizing a tempo- 
rary-storage function of the RAM 33. More specifically, 
the CPU 29 generates a light emit signal SLV to a drive 
circuit 64 so that the first and second light emitting ele- 
ments 44a. 44b alternately emit the red and infrared 
lights at a predetermined frequency, respectively, such 
that each light emission lasts for a predetermined 
period. In synchronism with the alternate light emis- 
sions by the first and second light emitting elements 
44a, 44b, the CPU 29 generates a switch signal SC to 
the demultiplexer 54 so as to correspondingly place the 
demultiplexer 54 in a first or a second position. Thus, 
the signals SM R , SM, R are separated from each other 
by the demultiplexer 54 such that the signal SM R is sup- 
plied to the first sample-and-hold circuit 56 while the sig- 
nal SM| R is supplied to the second sample-and-hold 
circuit 60. Further, the CPU 29 determines an oxygen 
saturation in the blood of the subject, based on respec- 
tive amplitudes of the signals SM R , SM tR . according to 
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a predetermined expression pre-stored in the ROM 31. 
The blood oxygen saturation determining method is dis- 
closed in U.S. Patent No. 5,131,391. 
[0030] The BP estimating apparatus 8 further includes 
a display 32 which is connected to the electronic control 
device 28. The CPU 29 of the control device 28 supplies 
electric signals to the display 32. The display 32 
includes a CRT (cathode ray tube) and a speaker. 
[0031] Fig. 2 illustrates essential functions of the elec- 
tronic control device 28 of the present BP estimating 
apparatus 8. In the figure, a pulse-wave propagation 
(PWP) information obtaining means 70 obtains informa- 
tion which relates to a velocity V M of propagation of a 
pulse wave which propagates through an artery, such 
as a time DT RP which is needed for the pulse wave to 
propagate between two different portions of the artery. 
The PWP information obtaining means 70 includes a 
time difference calculating means for calculating, as a 
pulse-wave propagation time DT RP a time difference 
between a predetermined point (e.g., R-wave) of the 
ECG waveform of each of periodic pulses successively 
detected by the ECG waveform detecting device 34 and 
a predetermined point (e.g., rising point, that is, mini- 
mum point) of the waveform of a corresponding one of 
periodic pulses of the photoelectric (volume) pulse wave 
detected by the probe 38, as shown in Fig. 3. The PWP 
information obtaining means 70 calculates a velocity V w 
(m/sec) of the pulse wave propagating through the 
artery of the subject, based on the calculated time 
DT RP according to the following expression (1) pre- 
stored in the ROM 31: 

V M = U(DT RP -T pEp ) (1) 

where L (m) is a length of the artery as measured from 
the left ventricle via the aorta to the position at which the 
probe 38 is set; and T PEP (sec) is a pre-ejection period 
between the R-wave of the ECG waveform of each 
pulse and the minimum point of the waveform of a cor- 
responding pulse of an aortic pulse wave. The values L 
and T PEP are constants, respectively, and are experi- 
mentally obtained in advance. 

[0032] A circulation information obtaining means 72 
includes at least one of a heart rate (HR) information 
obtaining means 74 and a volume-pulse-wave area 
(VPWA) information obtaining means 76. The HR infor- 
mation obtaining, means 74 obtains information which 
relates to a heart rate of a subject, such as a heart rate 
HR, a heart-beat period RR, a pulse rate, a pulse 
period, or the like. The VPWA information obtaining 
means 76 obtains information which relates to an area 
defined by a volume pulse wave from a peripheral por- 
tion of the subject. Specifically, as shown in Fig. 4, an 
area VP is defined by the waveform of each heartbeat- 
synchronous pulse of the photoelectric (volume) pulse 
wave detected by the probe 38, and is normalized 
based on a heart-beat period RR and an amplitude L of 
the pulse. The waveform of each pulse of the photoelec- 



tric pulse wave is defined by a series of data points 
indicative of respective magnitudes which are input at a 
predetermined interval such as several milliseconds to 
several tens of milliseconds. The area VP is obtained by 

5 integrating, in a heart-beat period RR, the respective 
magnitudes of the pulse of the photoelectric pulse wave 
being input at the predetermined interval, and then a 
normalized pulse-wave area NVP is obtained by calcu- 
lating the following expression: NVP = VP/(RR X L). 

70 The volume-pulse-wave area information includes the 
area VP, a ratio VR of the area VP to the heart-beat 
period RR of the subject, a ratio VR' of a product of the 
area VP and the amplitude L of the photoelectric pulse 
wave to the heart-beat period RR. and a ratio of the 

is area VP to a product of the heart-beat period RR and 
the amplitude L, that is, the normalized pulse-wave area 
NVP. Both of the heart rate information and the volume- 
pulse-wave area information change in relation with th 
intraarterial blood pressure of the subject. That is, the 

20 change of the blood pressure occurs due to the change 
of cardiac output on the proximal side of the subject and 
the change of peripheral vascular resistance on the dis- 
tal side of the subject. The heart rate information 
reflects the amount of the cardiac output while the vol- 

25 ume-pulse-wave area information reflects the magni- 
tude of the peripheral vascular resistance. 
[0033] A BP estimating means 80 calculates, accord- 
ing to a predetermined relationship between blood pres- 
sure, and pulse-wave propagation information and at 

30 least one of heart rate information and volume-pulse- 
wave area information, an estimated blood pressure of 
the subject, based on the obtained pulse-wave propa- 
gation information, and at least one of the obtained 
heart-rate information and the obtained volume-pulse- 

35 wave area information. For example, the blood pressure 
estimating means 80 calculates an estimated blood 
pressure EBP of the subject, based on a time DT RP 
obtained by the PWP information obtaining means 70, a 
period RR obtained by the HR information obtaining 

40 means 74, and a ratio VR obtained by the VPWA infor- 
mation obtaining means 76, according to the following 
expression (2) pre-stored in the ROM 31: 

EBP = a(1/DT RP ) + pRR + yVR + 6 (2) 

45 

where a, f3, y are predetermined coefficients and 5 is a 
predetermined constant. The expression (2) shows a 
relationship between blood pressure of the subject, and 
time DT RP period RR, and ratio VR of the subject. 

so [0034] A coefficient determining means 82 selects, 
from a plurality of groups of predetermined coefficients 
(a. p, y) which respectively correspond to a plurality of 
blood -pressure ranges, one group of predetermined 
coefficients which corresponds to a reference value of 

55 the blood pressure of the subject, so that an estimated 
blood pressure EBP of the subject is calculated accord- 
ing to the expression (2) including the selected group of 
predetermined coefficients. The plurality of groups of 
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predetermined coefficients are pre-stored in the ROM 
31. For example, in the case where a systolic blood 
pressure value BP SY s measured using the cuff 10 by a 
BP measuring means 96 (which will be described 
below) is employed as a reference value of the blood 
pressure of the subject, the coefficients determining 
means 82 selects, from the pre-stored plurality of 
groups of predetermined coefficient which respectively 
correspond to the plurality of blood-pressure ranges, 
one group of predetermined coefficients which corre- 
sponds to the measured systolic blood pressure value 
BPsys- ln tnis case, the BP estimating means 80 suc- 
cessively calculates an estimated systolic blood pres- 
sure value EBP SYS . Further, each of the estimated 
blood pressure values EBP successively calculated by 
the BP estimating means 80 is employed as a reference 
value of the blood pressure, and the coefficient deter- 
mining means 82 selects, from the pre-stored plurality 
of groups of predetermined coefficients which respec- 
tively correspond to the plurality of blood-pressure 
ranges, one group of predetermined coefficients which 
corresponds to the each estimated blood pressure 
value EBP. In place of the systolic blood pressure value 
BPsys. a diastolic blood pressure value BP D1A or a 
mean blood pressure value BP MEAN may be employed 
as the reference value of the blood pressure. When one 
group of predetermined coefficients which corresponds 
to the reference diastolic blood pressure value BP DtA is 
selected, the BP estimating means 80 calculates an 
estimated diastolic blood pressure EBP D | A . When one 
group of predetermined coefficients which corresponds 
to the reference mean blood pressure BP MEAN is 
selected, the BP estimating means 80 calculates an 
estimated mean blood pressure value EBP M ean- 
[0035] A constant determining means 83 determines 
the constant 5 of the expression (2) used by the BP esti- 
mating means 80, by subtracting, from an actual blood 
pressure value of the subject which has been measured 
using the cuff 10 and has been used by the coefficient 
determining means 82 to select one group of predeter- 
mined coefficients a, p, y, the sum of the first product of 
the coefficient a and the inverse of a time DTrp and at 
least one of the second product of the coefficient (J and 
a period RR, and the third product of the coefficient y 
and a ratio VR. The time DT RP the period RR. and the 
ratio VR are ones which have been obtained when the 
actual blood pressure value is measured using the cuff 
10. 

[0036] Fig. 5 illustrates one example of a plurality of 
groups of predetermined coefficients which respectively 
correspond to a plurality of blood-pressure ranges. In 
the figure, six groups of predetermined coefficients (a, 
p, y) correspond to six blood pressure ranges each 
defined by 40 mmhig. Usually, if the blood pressure of 
the subject increases, the inverse (1/DT RP ) of time dif- 
ference DT RP tends to increase, and the period RR and 
the ratio VR tend to decrease. Accordingly, in Fig. 5, the 
coefficient a is a positive value, and the coefficients p 



and y are negative values. The plurality of groups of pre- 
determined coefficients are pre-stored in the ROM 31. 
Each of the plurality of groups of coefficients (a, p, y) are 
determined by applying a multiple regression analysis 

5 to many sets of information obtained from many living 
persons. Each of the sets of information includes a 
blood pressure value measured using a cuff, or the like, 
from a corresponding one of the persons, and a time 
DTrp a period RR, and a ratio VR obtained from the 

10 same person when the blood pressure is measured 
from the person. For example, best unbiased estimate 
values of a, p, y, 8 of the expression (2) for each blood- 
pressure range are obtained by applying a least square 
method to at least four sets of information each of which 

75 includes three explanatory variables (independent vari- 
ables), i.e., a time DT RP a period RR. and a ratio VR, 
and one objective variable (dependent variable), i.e., an 
estimated blood pressure EBP corresponding to the 
each blood-pressure range. The thus obtained unbi- 

2 o ased estimate values of a. p. y are stored in the ROM 
31. 

[0037] An autonomic nerve system (ANS) activity 
determining means 84 determines an activity of an 
autonomic nerve system of the subject, based on at 

25 least one of a blood-pressure relating information which 
changes in relation with a blood pressure of the subject 
and the heart rate information. The blood-pressure 
relating information may be a time DT RP a velocity V M , 
an estimated blood pressure value EBP, or the like. 

30 More specifically, the ANS activity determining means 
84 includes at least one of a sympathetic nerve system 
(SNS) activity determining means 86 and a parasympa- 
thetic nerve system (PNS) activity determining means 
88. The SNS activity determining means 86 determines 

35 an activity of a sympathetic nerve system of the subject, 
based on a low-frequency component which is present 
in the fluctuations of the blood -pressure relating infor- 
mation and whose frequency is sufficiently or signifi- 
cantly lower than a respiration frequency of the subject. 

40 The PNS activity determining means 88 determines an 
activity of a parasympathetic nerve system of the sub- 
ject, based on a high-frequency component which is 
present in the fluctuations of the heart rate information 
and whose frequency is around the respiration fre- 

45 quency of the subject. 

[0038] A coefficient changing means 90 changes, 
-t^based on the activity of the autonomic nerve system 
determined by the ANS determining means 84, at least 
one coefficient of the expression (2) used by the BP 

so estimating means 80, so that the expression (2) includ- 
ing the changed coefficient amplifies a change of an 
estimated blood pressure of the subject from a prior 
estimated blood pressure of the subject. More specifi- 
cally, the coefficient changing means 90 includes a 

55 judging means for judging whether or not trr deter- 
mined activity of the sympathetic nerve system is 
greater than an upper limit of a first reference range, 
whether or not the determined activity of the parasym- 
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pathetic nerve system is smaller than a lower limit of a 
second reference range, whether or not the determined 
activity of the sympathetic nerve system is smaller than 
a lower limit of the first reference range, and whether or 
not the determined activity of the parasympathetic 
nerve system is greater than an upper limit of the sec- 
ond reference range. 

[0039] The coefficient changing means 90 changes at 
least one of the coefficients (a, p, y) of the expression 
(2), to a greater coefficient, when the judging means 
makes at least one of a first positive judgment that the 
determined activity of the sympathetic nerve system is 
greater than the upper limit of the first reference range 
and a second positive judgement that the determined 
activity of the parasympathetic nerve system is smaller 
than the lower limit of the second reference range. Con- 
sequently, the expression (2) including the changed 
coefficient amplifies a change of an estimated blood 
pressure EBP of the subject, from the prior estimated 
blood pressure of the subject. 

[0040] On the other hand, the coefficient changing 
means 90 changes at least one of the coefficients (a, p, 
y) of the expression (2). to a smaller coefficient, when 
the judging means makes at least one of a third positive 
judgment that the determined activity of the sympathetic 
nerve system is smaller than the lower limit of the first 
reference range and a fourth positive judgment that the 
determined activity of the parasympathetic nerve sys- 
tem is greater than the upper limit of the second refer- 
ence range. Consequently, the expression (2) including 
the changed coefficient amplifies a change of an esti- 
mated blood pressure EBP of the subject from the prior 
estimated blood pressure of the subject 
[0041 ] Thus, at least one of the coefficients (a, p, y) of 
the expression (2) is changed to amplify a change of an 
estimated blood pressure of the subject, whereby an 
abnormality of the blood pressure is accurately and 
speedily recognized. The coefficient changing means 
90 does not change any of the coefficients (a, p, y) of 
the expression (2) to a greater coefficient when the 
judging means makes a first negative judgment that the 
determined activity of the sympathetic nerve system is 
not greater than the upper limit of the first reference 
range and a second negative judgment that the deter- 
mined activity of the parasympathetic nerve system is 
not smaller than the lower limit of the second reference 
range, and does- not change any of the coefficients (a. p, 
y) of the expression (2) to a smaller coefficient when the 
judging means makes a third negative judgment that the 
determined activity of the sympathetic nerve system is 
not smaller than the lower limit of the first reference 
range and a fourth negative judgment that the deter- 
mined activity of the parasympathetic nerve system is 
not greater than the upper limit of the second reference 
range. 

[0042] There will be described the reason why one or 
more coefficients of the expression (2) are changed by 
the coefficient changing means 90. As described above, 



the heart rate information and the volume-pulse-wave 
area information respectively reflect the cardiac output 
and the peripheral vascular resistance, each of which 
causes a change of the intraarterial blood pressure of 

5 the subject. The cardiac output and the peripheral vas- 
cular resistance are adjusted by the sthenia and 
depression (i.e., activities) of the sympathetic nerve 
system and the parasympathetic nerve system. When 
at least one of the first positive judgment that the deter- 

io mined activity of the sympathetic nerve system is 
greater than the upper limit of the first reference range 
and the second positive judgment that the determined 
activity of the parasympathetic nerve system is smaller 
than the lower limit of the second reference range is 

75 made, it is estimated that the blood pressure will be 
increased. Therefore, at least one of the coefficients of 
the expression (2) used by the BP estimating means 80 
is changed to a greater coefficient When at least one of 
the third positive judgment that the determined activity 

20 of the sympathetic nerve system is smaller than the 
lower limit of the first reference range and the fourth 
positive judgment that the determined activity of the par- 
asympathetic nerve system is greater than the upper 
limit of the second reference range is made, it is esti- 

25 mated that the blood pressure will be decreased. There- 
fore, at least one of the coefficients of the expression (2) 
is changed to a smaller coefficient 
[0043] A first judging means 92 judges whether or not 
a physical parameter which is obtained from the subject 

30 and which changes in relation with the blood pressure of 
the subject falls within a first reference range (AL^ - AL H , 
Fig. 8). The first judging means 92 functions as an 
alarm judging means. The physical parameter is 
selected from the blood-pressure relating information 

35 which changes in relation with the blood pressure of the 
subject, the heart rate information which relates to the 
heart rate which changes to adjust the blood pressure 
on the proximal side of the subject, or the volume-pulse- 
wave area information which reflects the peripheral vas- 

40 cular resistance which changes to adjust the blood 
pressure on the distal side of the subject The first refer- 
ence range (ALt_ - AL H ) is defined by a critical range in 
which the blood pressure of the subject indicates a need 
for an emergency medical treatment The first reference 

45 range (AI_l - ALh) may be a constant range of the 
parameter, or a predetermined range of the amount or 
rate of change of a current value of the parameter from 
a prior value of the same obtained when the last blood 
pressure value is measured using the cuff 10. 

so [0044] A second judging means 94 judges whether or 
not the physical parameter falls within a second refer- 
ence range (AT L - AT H ) which is contained in the first ref- 
erence range (AI_l - AI+,). The second judging means 
94 functions as an alert judging means. For example, an 

55 upper limit AT H of the second reference range is deter- 
mined at a value lower, by a predetermined value or per- 
centage, than the upper limit AL+, of the first reference 
range. A lower limit AT L of the second reference range 
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is determined at a value higher, by a predetermined 
value or percentage, than the lower limit AI_l of the first 
reference range. 

[0045] A BP measuring means 96 automatically 
measures a blood pressure of the subject, based on 
variation of respective amplitudes of heartbeat-synchro- 
nous pulses of the pulse wave produced by changing a 
pressing pressure of the cuff 10, when the second judg- 
ing means 94 makes a negative judgment that the phys- 
ical parameter does not fall within the second reference 
range. For example, the BP measuring means 96 meas- 
ures a systolic, a mean and a diastolic blood pressure 
value BP S ys, BP MEAN , BP D | A , of the subject, according 
to a well-known oscillometry method, based on varia- 
tion of respective amplitudes of pulses of the pulse 
wave represented by the pulse-wave signal SM 1 
obtained while the pressing pressure of the cuff 10 
which is quicWy increased to a target value Pqm (e.g., 
180 mmHg), is slowly decreased at the rate of about 3 
mmHg/sec. 

[0046] A display means 98 displays, in a two-dimen- 
sional coordinate system defined by a first axis indica- 
tive of time and a second axis indicative of physical 
parameter or rate of change of the physical parameter, 
successively obtained data indicative of the physical 
parameter or the rate of change thereof along the first 
axis. Moreover, the display means 98 displays two first 
lines L ALH , L ALL (indicated in solid lines in Fig. 8) which 
are indicative of the upper and lower limits of the first 
reference range, respectively, and which are parallel to 
the first axis, and two second lines L ATH L ATL (indicated 
in broken lines in Fig. 8) which are indicative of the 
upper and lower limits of the second reference range, 
respectively, and which are parallel to the first axis. Fur- 
ther, the display means 98 outputs a visible message 
indicating that the physical parameter does not fall 
within the first or second reference range or an audible 
message indicating that the physical parameter does 
not fall within the first or second reference range. 
[0047] Next, there will be described the operation of 
the control device 28 of the BP estimating apparatus 8 
by reference to the flow charts of Figs. 6, 7 and 9. 
[0048] The control of the CPU 29 begins with Step 
SA1 of the expression determining routine of Fig. 6, 
where flags, counters and registers (not shown) are 
reset. Step SA1 is followed by Step SA2. At Step SA2, 
the CPU 29 judges whether or not a R-wave of the ECG 
waveform of one pulse and a waveform of a correspond- 
ing pulse of the photoelectric pulse wave have been 
read in and. if a positive judgment is made, the CPU 29 
calculates, as a pulse-wave propagation time DT RP a 
time difference between the R-wave of the ECG wave- 
form of the pulse and the minimum point of the wave- 
form of the corresponding pulse of the photoelectric 
pulse wave. Step SA2 corresponds to the PWP informa- 
tion obtaining means 70. 

[0049] Step SA2 is followed by Step SA3 to measure, 
as a heart-beat period RR (sec), a time difference 



between the R-wave of the ECG waveform of the pulse 
read in Step SA2 of the current cycle and the R-wave of 
the ECG of the pulse read in the prior cycle. Step SA3 
corresponds to the HR information obtaining means 74. 

5 Step SA3 is followed by Step SA4 to obtain a ratio 
VR (= VP/RR ) of an area VP defined by the pulse of the 
photoelectric pulse wave read in at Step SA2. to the 
heart-beat period RR measured at Step SA3. Step SA4 
corresponds to the VPWA information obtaining means 

w 76. Steps SA3 and SA4 correspond to the circulation 
information obtaining means 72. 

[0050] Next, the CPU 29 carries out Steps SA5, SA6, 
and SA7 corresponding to the BP measuring means 96. 
At Step SA5, the CPU 29 controls the selector valve 1 6 

is to its inflation position and controls the air pump 18 to 
start, thereby quickly increasing the cuff pressure P c . At 
Step SA6, the CPU 29 judges whether the cuff pressure 
P c is equal to, or higher than, a predetermined target 
value P CM (e.g., 180 mmHg). If a negative judgement is 

20 made at Step SA6. Steps SA5 and SA6 are repeated to 
increase the cuff pressure P c . until a positive judgement 
is made. 

[0051] Meanwhile, if a positive judgement is made at 
Step SA6, the control of the CPU 29 goes to Step SA7 

25 to stop the air pump 18 and switch the selector valve 16 
to its slow-deflation position, so as to slowly decrease 
the cuff pressure P c at a predetermined rate of about 3 
mmHg/sec. The CPU 29 determines a systolic blood 
pressure value BP SY s. a mean blood pressure value 

30 BP MEAN and a diastolic blood pressure value BP D | A , 
according to a well known oscillometric blood pressure 
determining algorithm, based on the variation of respec- 
tive amplitudes of pulses of the pulse wave represented 
by the pulse wave signal Slv^ obtained while the cuff 

35 pressure P c is slowly decreased. Step SA7 corre- 
sponds to the BP measuring means 96. At Step SA7. 
the CPU 29 additionally determines a pulse rate of the 
subject based on the interval between two successive 
pulses of the pulse wave signal SM^ The CPU 29 con- 

40 trols the display 32 to display the thus determined blood 
pressure values and the pulse rate value. Then, the 
CPU 29 switches the selector valve 1 6 to its quick-defla- 
tion position. 

[0052] Next, Step SA7 is followed by Step SA8 to 
45 select, from a plurality of groups of predetermined coef- 
ficients (a. p, y) which correspond to a plurality of blood- 
pressure ranges, respectively, one group of predeter- 
mined coefficients wNch corresponds to the systolic 
blood pressure value BP SY s measured at Step SA7, so 
so that an estimated blood pressure EBP is calculated 
according to the expression (2) including the selected 
group of predetermined coefficients. Step SA8 corre- 
sponds to the coefficient determining means 82. 
[0053] Subsequently, the CPU 29 carries out Step 
55 SA9 corresponding to the constant determining means 
83. At Step SA9, the CPU 29 determines the constant 8 
of the expression (2), by subtracting, from the systolic 
blood pressure value BP SY s which has been deter- 
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mined at Step SA7 and has been used at Step SA8 to 
select one group of predetermined coefficients a, p, y, 
the sum of the first product of the coefficient a and the 
inverse of the time DT RP obtained at Step SA2, the sec- 
ond product of the coefficient p and the period RR 5 
obtained at Step SA3. and the third product of the coef- 
ficient y and the ratio VR obtained at Step SA4. Assum- 
ing that the time DT RP period RR, and ratio VR obtained 
at Steps SA2, SA3, and SA4 are represented by sym- 
bols DT RP0 , period RRq, and ratio VR 0 . the constant 5 is 70 
obtained according to the following expressions (3) and 
(4): 

BP sys - a(1/DT RP0 ) + pRR 0 + Y VR 0 + 5 (3) 

8 = BP SVS - {a(1/DT np0 ) + PRR 0 + r VR 0 } (4) 

[0054] Then, the control of the CPU 29 goes to Step 
SB1 of the blood pressure monitor routine of Fig. 7. 
[0055] At Step SB1 , the CPU 29 judges whether or not 20 
a R-wave of the ECG waveform of one pulse and a 
waveform of a corresponding pulse of the photoelectric 
pulse wave have been read in. If a negative judgment is 
made at Step SB1, the control of the CPU 29 waits until 
a positive judgment is made at Step S81. If a positive 25 
judgment is made at Step SB1. the control of the CPU 
29 goes to Steps SB2, SB3. and SB4 which are the 
same as Steps SA2, SA3. and SA4. Step SB2 corre- 
sponds to the PWP information obtaining means 70. 
Step SB3 corresponds to the HR information obtaining 30 
means 74. Step SB4 corresponds to the VP WA informa- 
tion obtaining means 76. Thus, the CPU 29 calculates a 
time DT RP a period RR, and a ratio VR at Steps SB2, 
SB3, and SB4, respectively. 

[0056] Step SB4 is followed by Step SB5 correspond- 35 
ing to the BP estimating means 80. At Step SB5, the 
CPU 29 calculates an estimated systolic blood pressure 
value EBP SY s. based on the time DT RP the heart-beat 
period RR, and the ratio VR obtained at Steps SB2 to 
SB4, according to the expression (2) including the 40 
group of predetermined coefficients a, p, y selected at 
Step SA8 and the constant 5 determined at Step SA9. 
[0057] Step SB5 is followed by Step SB6 correspond- 
ing to the display means 98. At Step SB6, the CPU 29 
operates the display 32 to display, in a two-dimensional 45 
coordinate system defined by a first axis indicative of 
time and a second axis indicative of blood pressure as 
shown in Fig. 8, estimated systolic blood pressure val- 
ues EBP SY s successively calculated at Step SB5. The 
two-dimensional coordinate system is displayed in a so 
predetermined part of the display 32. Moreover, the dis- 
play 32 displays two first lines L ALH , L AU . (indicated in 
solid lines in Fig. 8) which are indicative of the upper 
and lower limits of the first reference (alarm) range, 
respectively, and which are parallel to the first axis, and ss 
two second lines L ATH , L ATL (indicated in broken lines in 
Fig. 8) which are indicative of the upper and lower limits 
of the second reference (alert) range contained in the 



first reference range, respectively, and which are paral- 
lel to the first axis. 

[0058] Step SB6 is followed by Step SB7 correspond- 
ing to the coefficient determining means 82. At Step 
SB7, the CPU 29 employs, as a reference value of the 
blood pressure, the estimated blood pressure value 
ebp sys calculated at Step SB5. and selects, from the 
pre-stored plurality of groups of predetermined coeffi- 
cients, one group of predetermined coefficients. Since 
the coefficients of the expression (2) are determined 
based on each of the estimated blood pressure values 
EBP SY s successively calculated at Step SB6, the accu- 
racy of blood pressure estimation is improved. 
[0059] Step SB7 is followed by Step SB8 to execute a 
coefficient changing routine shown in Fig. 9. In the rou- 
tine shown in Fig. 9, the CPU 29 judges whether or not 
the coefficients of the expression (2) which are deter- 
mined at Step SB7 should be changed, based on the 
time DT RP and the period RR which are obtained at 
Steps SB2 and SB3. 

[0060] At Step SC1 of the flow chart of Fig. 9, the CPU 
29 performs a frequency analysis of fluctuations of the 
time DT RP successively obtained at Step SB2. In Fig. 
10, fluctuations of the inverse (1/DT RP ) of the time DT RP 
are indicated. By performing the frequency analysis 
(spectrum analysis) of the fluctuations of the inverse of 
the time DT RP with a fast Fourier transformation method 
or an autoregression method, a spectrum as shown in a 
broken line in Fig. 11 is obtained. The spectrum 
includes a high-frequency component HF DT having a 
frequency around a respiration frequency of the subject 
and a low-frequency component LF 0T having a fre- 
quency around one third to one fourth of the respiration 
frequency of the subject. 

[0061 ] Step SC1 is followed by Step SC2 to calculate, 
as an index indicative of an activity of the sympathetic 
nerve system, a ratio (LF 0 t/HF 0T ) of a magnitude or 
amplitude of the low-frequency component LF 0T to a 
magnitude or amplitude of the high-frequency compo- 
nent HF DT , which are obtained at Step SC1 . It is gener- 
ally known that the magnitude of the low-frequency 
signal component LF DT can be employed as a quantita- 
tive index indicative of the activity of the sympathetic 
nerve system. Since the magnitude of the high-fre- 
quency signal component HF DT is not influenced by the 
activity of the autonomic nerve system, the ratio 
(LF OT /HF OT ) is employed as a quantitative index indica- 
tive of the activity of the sympathetic nerve system 
which is not influenced by the measurement conditions. 
Steps SC1 and SC2 correspond to the SNS activity 
determining means 86. 

[0062] Step SC2 is followed by Step SC3. At Step 
SC3. the CPU 29 performs a frequency analysis of fluc- 
tuations of the heart-beat period RR successively 
obtained at Step SB3. In Fig. 10. fluctuations of the 
period RR are indicated. By performing the frequency 
analysis (spectrum analysis) of the fluctuations of the 
period RR with a fast Fourier transformation method or 
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an autoregression method, a spectrum as shown in a 
solid line in Fig. 1 1 is obtained. This spectrum includes 
a high-frequency component HF Rq having a frequency 
around the respiration frequency of the subject and a 
low-frequency component LF RR having a frequency 5 
around one third to one fourth of the respiration fre- 
quency of the subject, like the spectrum obtained by the 
frequency analysis of the inverse (1/DT RP ) of the time 
DT RP 

[0063] Step SC3 is followed by Step SC4 to calculate, 10 
as an index indicative of an activity of the parasympa- 
thetic nerve system, a ratio (HF RR /LF RR ) of a magni- 
tude or amplitude of the high-frequency component 
HF RR to a magnitude or amplitude of the low-frequency 
component LF RR . It is generally known that the magni- 15 
tude of the high-frequency signal component HF RR can 
be employed as a quantitative index indicative of the 
activity of the parasympathetic nerve system. Since the 
magnitude of the low-frequency signal component LF RR 
is not influenced by the activity of the autonomic nerve 20 
system, the ratio (HF RR /LF RR ) is employed as a quanti- 
tative index indicative of the activity of the parasympa- 
thetic nerve system which is not influenced by the 
measurement conditions. Steps SC3 and SC4 corre- 
spond to the PNS activity determining means 88. Steps 25 
SC1 to SC4 correspond to the ANS activity determining 
means 84. 

[0064] Next, the control of the CPU 29 goes to Step 
SC5. At Step SC5, the CPU 29 judges whether or not 
the index (LFdt/ hf ot) indicative of the activity of the 30 
sympathetic nerve system obtained at Step SC2 falls 
within a first reference range, and whether or not the 
index (HF RR /LF RR ) indicative of the activity of the para- 
sympathetic nerve system falls within a second refer- 
ence range. The above first and second ranges are 3S 
predetermined so as to judge the sthenia or depression 
(i.e., activity) of the sympathetic nerve system and the 
parasympathetic nerve system, respectively. Each of 
the first and the second reference ranges may be a con- 
stant range of the corresponding index LF DT /HF DT , 40 
HF RR /LF RR| or a predetermined range of the amount or 
rate of change of a current value of the corresponding 
index LF DT /HF 0T , HF RR /LF RR , from a prior value thereof 
obtained when the last blood pressure value is meas- 
ured using the cuff 10. 45 
[0065] If a positive judgement is made at Step SC5, 
that is, the activity of the autonomic nerve system is rel- 
atively stable, the control of the CPU 29 goes to Step 
SC6. At Step SC6, the CPU 29 employs, as the coeffi- 
cients of the expression (2), the group of predetermined so 
coefficients which is selected at Step SB7. Thus, this 
routine of Fig. 9 is terminated and the control of the 
CPU 29 goes to Step SB9. Even in the case where the 
coefficients of the expression (2) have been changed at 
Step SC8 or SC10 in the cycle prior to the current cycle. 55 
the coefficients selected at Step SB7 in the current 
cycle are employed. 

[0066] On the other hand, if a negative judgment is 



made at Step SC5. the control of the CPU 29 goes to 
Step SC7. At Step SC7, the CPU 29 judges whether or 
not the determined index (LF ot /HF D t) indicative of 
activity of the sympathetic nerve system is greater than 
an upper limit of the first reference range and simultane- 
ously determined index (HF RR /LF RR ) indicative of the 
parasympathetic nerve system is smaller than a lower 
limit of the second reference range. If a negative judg- 
ment is made at Step SC7, the control of the CPU 29 
goes to Step SC9. If a positive judgment is made at 
Step SC7, the control of the CPU 29 goes to Step SC8. 
From the positive judgment at Step SC7. it is estimated 
that the cardiac output and the peripheral vascular 
resistance have largely changed to increase the blood 
pressure of the subject, due to the sthenia of the sympa- 
thetic nerve system and the depression of the parasym- 
pathetic nerve system. At Step SC8, the change of the 
estimated blood pressure EBP calculated by the 
expression (2) is amplified to more safely monitor the 
blood pressure of the subject. That is, the coefficients 
are changed to raise the estimated blood pressure EBP 
which is obtained according to the expression (2). Spe- 
cifically, the CPU 29 changes the coefficients p. y of the 
period RR and the ratio VR of the expression (2), to 
greater values, respectively, since the terms of the 
period RR and the ratio VR reflect the cardiac output 
and the peripheral vascular resistance, respectively. For 
example, the coefficients Pq, yo (Po < 0, y0 < 0) deter- 
mined at Step SB7 are respectively changed to half val- 
ues 0.5p 0 , 0.5y 0 . 

[0067] Step SC8 is followed by Step SC9 to judge 
whether or not the determined index (LF DT /HF DT ) indic- 
ative of the activity of the sympathetic nerve system is 
smaller than a lower limit of the first reference range and 
simultaneously the determined index (HF RR /LF RR ) 
indicative of the activity of the parasympathetic nerve 
system is greater than an upper limit of the second ref- 
erence range. If a negative judgment is made at Step 
SC9. this routine of Fig. 9 is terminated and the control 
of the CPU 29 goes to Step SB9. If a positive judgment 
is made at Step SC9, the control of the CPU 29 goes to 
Step SC10. From the positive judgment at Step SC9, it 
is estimated that the cardiac output and the peripheral 
vascular resistance have largely changed to decrease 
the blood pressure of the subject, due to the depression 
of the sympathetic nerve system and the sthenia of the 
parasympathetic nerve system. At Step SC10. the 
change of the estimated blood pressure EBP calculated 
according to the expression (2) is amplified to more 
safely monitor the blood pressure of the subject. That is, 
the coefficients are changed to reduce the estimated 
blood pressure EBP which is obtained according to the 
expression (2). Specifically, the CPU 29 changes the 
coefficients p, y of the time RR and the ratio VR of the 
expression (2), to smaller values, respectively. For 
example, the coefficients p 0 , yo are respectively 
changed to twice values 2p 0 , 2y 0 . Steps SC5-SC10 cor- 
respond to the coefficient changing means 90. 
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[0068] Referring back to Fig. 7, at Step SB9, the CPU 
29 judges whether or not the estimated blood pressure 
EE ;: calculated at Step SB5 falls within a first reference 
range (ALl - A!_h). For example, the CPU 29 judges 
whether or not the estimated blood pressure EBP is 5 
smaller than a lower limit AL^ of the first reference 
range, and whether or not the estimated blood pressure 
EBP is greater than an upper limit AL H of the first refer- 
ence range. The upper limit AL H of the first reference 
range is set at a value which is, by 30%, greater than an 10 
initial estimated blood pressure EBP calculated at Step 
SB5. The lower limit AL^ of the first reference range is 
set at a value which is, by 30%, smaller than the initial 
estimated blood pressure EBP calculated at Step SB5. 
Step SB9 corresponds to the first judging means 92. 15 
[0069] If a positive judgment is made at Step SB9, the 
control of the CPU 29 goes to Step SB1 1. On the other 
hand, if a negative judgment is made at Step SB9, the 
control of the CPU 29 goes to Step SB10. At Step SB10, 
the CPU 29 displays, on the display device 32, a visible 20 
message (e.g., characters or symbols) indicating that 
the estimated blood pressure EBP does not fall within 
the first reference range, and outputs, to the speaker of 
the display 32 (not shown), an audible message (e.g., 
alarm sounds or voice sounds) indicating that the esti- 25 
mated blood pressure EBP does not fall within the first 
reference range. Step SB10 corresponds to the display 
means 98. 

[0070] Next, at Step SB11, the CPU 29 judges 
whether or not the estimated blood pressure EBP calcu- 30 
lated at Step SB5 falls within a second reference range 
(AT L - AT H ). For example, the CPU 29 judges whether or 
not the estimated blood pressure EBP is smaller than a 
lower limit AT L of the second reference range, and 
whether or not the estimated blood pressure EBP is 35 
greater than a upper limit AT H of the second reference 
range. The upper limit AT H is set at a value which is, by 
15 mmHg, smaller than the upper limit AL H of the first 
reference range. The lower limit AT L is set at a value 
which is, by 15 mmHg, greater than the lower limit AL L 40 
of the first reference range. Step SB11 corresponds to 
the second judging means 94. 

[0071] If a negative judgement is made at Step SB1 1 , 
the control of the CPU 29 goes to Step SB12. At Step 
SB1 2, the CPU 29 displays, on the display device 32, a 45 
visible message (e.g., characters or symbols) indicating 
that the estimated blood pressure EBP does not fall 
within the second reference range, and outputs, to the 
speaker, an audible message (e.g., alarm sounds or 
voice sounds) indicating that the estimated blood pres- so 
sure EBP does not fall within the second reference 
range. Step SB1 2 corresponds to the display means 98. 
Step SB12 is followed by the routine of Fig. 6 to execute 
the blood pressure measurement with the cuff 10. As 
shown in Fig. 8. in the present embodiment, the blood 55 
pressure measurement with the cuff 10 is executed at a 
time point t ATH . Accordingly, the blood pressure meas- 
ured using the cuff 10 can be obtained at the time point 



t ATH earlier than a time point t ALH (shown in Fig. 8) when 
the blood pressure measurement with the cuff 10 is 
started based on only the judgment that the estimated 
blood pressure EBP does not fall within the first refer- 
ence range. 

[0072] If a positive judgment is made at Step SB1 1 , 
the control of the CPU 29 goes to Step SB13. At Step 
SB13, the CPU 29 judges whether or not a predeter- 
mined period T B has passed after the last blood pres- 
sure is measured using the cuff 10 at Step SA7. The 
predetermined period T B is a relatively long time period 
such as several minutes or several tens of minutes. If a 
negative judgment is made at Step SB13, the control of 
the CPU 29 returns to Step SB1. If a positive judgment 
is made at Step SB13, the control of the CPU goes to 
the routine of Fig. 6 to execute the blood pressure 
measurement using the cuff 10. 

[0073] In the above described embodiment, when the 
second judging means 94 (Step SB1 1) judges that the 
physical parameter does not fall within the second refer- 
ence range (AT L - AT H ), the BP measuring means 96 
(Step SA7) starts the blood pressure measurement with 
the cuff 10. In this case, when it is judged that the phys- 
ical parameter does not fall within the first reference 
range (AL L - ALh), the blood pressure measurement 
with the cuff 10 has already been started. Accordingly, 
the apparatus 8 can be speedily obtain the actual blood 
pressure BP measured using the cuff 10, whereby an 
urgent medical treatment can be performed. 
[0074] In the above described embodiment, the blood 
pressure estimating means 80 (Step SB5) calculates, 
according to the predetermined relationship (expression 
(2)) between estimated blood pressure EBP, and time 
DT RP period RR, and ratio VR, an estimated blood 
pressure value EBP SY s of the subject, based on the 
obtained time DT RP the obtained period RR, and the 
obtained ratio VR. Thus, the present apparatus 8 can 
obtain an estimated blood pressure EBP SYS with high 
accuracy. In the present embodiment, the blood pres- 
sure of the subject is estimated based on, in addition to 
the time DT RP the period RR as the parameter on the 
side of the heart of the subject which changes in relation 
with the blood pressure and the ratio VR as the param- 
eter on the side of a peripheral portion of the subject 
which changes in relation with the blood pressure. Thus, 
it is not needed to frequently calibrate the present appa- 
ratus 8 based on an actual blood pressure BP of the 
subject measured using the cuff 10, because the esti- 
mated blood pressure EBP enjoys higher accuracy in 
comparison with an estimated blood pressure which is 
estimated based on only the time DT RP 
[0075] In the above embodiment, the coefficients a, p. 
y. are determined by applying a multiple regression 
analysis to many sets of information obtained from 
many living persons. Each of the sets of information 
includes a blood pressure obtained from a correspond- 
ing one of the persons, and a time DT RP a period RR, 
and a ratio VR obtained from the same person when the 
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blood pressure is obtained from the person. Thus, the 
present apparatus 8 can obtain a useful relationship for 
calculating an estimated blood pressure EBP. 
[0076] In the above embodiment, the coefficient deter- 
mining means 82 (Step SB7) selects, from a plurality of s 
groups of predetermined coefficients which correspond 
to a plurality of blood-pressure ranges, respectively, one 
group of predetermined coefficients which corresponds 
to each of estimated systolic blood pressure values 
EBP S ys successively estimated by the BP estimating 10 
means 80 (Step SB5), so that the BP estimating means 
80 estimates a subsequent systolic blood pressure 
value of the subject according to the expression (2) 
including the selected group of predetermined coeffi- 
cients. The present apparatus 8 can speedily select a is 
suitable group of coefficients (a, p, y) which corre- 
sponds to each estimated systolic blood pressure EBP- 
sys estimated by the BP estimating means 80. 
[0077] In the above embodiment, the apparatus 8 
includes the BP measuring means 96 (Step SA7) which 20 
includes the cuff 10 adapted to be wound around a por- 
tion of the subject and which measures an actual Wood 
pressure of the subject based on the variation of 
respective amplitudes of pulses of the pulse wave which 
is represented by the pulse-wave signal SM 1 produced 2s 
by changing the pressing pressure of the cuff 10. The 
coefficient determining means 82 (Step SA8) selects, 
from a plurality of groups of predetermined coefficients 
which correspond to a plurality of blood-pressure 
ranges, respectively, one group of predetermined coeff i- 30 
cients which corresponds to the systolic blood pressure 
BP SYS of the subject measured by the BP measuring 
means 96 (Step SA7), so that the BP estimating means 
80 (Step SB5) estimates a subsequent intraarterial 
blood pressure of the subject according to the expres- 35 
sion (2) including the selected group of coefficients. 
Accordingly, the present apparatus 8 can speedily 
select a suitable group of coefficients (a, p. y) which cor- 
responds to a more reliable systolic blood pressure 
BP S ys measured using the cuff 10. 40 
[0078] In the above embodiment, the display means 
98 (Step SB6) displays, in a two-dimensional coordinate 
system defined by a first axis indicative of time and a 
second axis indicative of the physical parameter, suc- 
cessively obtained estimated blood pressure EBP along 45 
the first axis, and displays two first (alarm) lines which 
are indicative of the upper and lower limits of the first 
reference (alarm) range (AL,_ - AL+i), respectively, and 
which are parallel to the first axis, and two second (alert) 
lines which are indicative of the upper and lower limits of so 
the second reference (alert) range (AT U - AT H ). respec- 
tively, and which are parallel to the first axis. In this case, 
it is possible for a medical worker to accurately recog- 
nize a time-wise change of the physical parameter, and 
a relationship between the physical parameter and the ss 
first or second lines. 

[0079] In the above embodiment, the display means 
98 (Steps SB10 and SB12) displays the visible mes- 



sage (e.g., characters or symbols) indicating that the 
physical parameter does not fall within the first or sec- 
ond reference range, and outputs, to the speaker of the 
display 32, the audible message (e.g.. alarm sounds or 
voice sounds) indicating that the physical parameter 
does not fall within the first or second reference range. 
In this case, it is possible for a medical worker to easily 
recognize an abnormality of the physical parameter. 
e.g., the estimated blood pressure EBP. 
[0080] While the present invention has been 
described in its preferred embodiment by reference to 
the drawings, it is to be understood that the invention 
may otherwise be embodied. 

[0081 ] While in the illustrated embodiment the expres- 
sion (2) used by the blood pressure estimating means 
80 (Step SB5) for calculating the estimated blood pres- 
sure EBP employs both of the heart-beat period RR as 
the heart rate information and the volume-pulse- wave 
area ratio VR as the volume-pulse-wave area informa- 
tion, either one of the period RR and the ratio VR may 
be omitted. 

[0082] In the illustrated embodiment, the expression 
(2) for calculating the estimated blood pressure EBP is 
a liner expression. However, the expression (2) may be 
a quadratic or higher-order expression. Moreover, the 
expression (2) may include a trigonal function or loga- 
rithm function. For example, the following expression (5) 
or (6) may be employed: 

EBP = a(1/DT RP ) + yVR 2 + 5 (5) 

where a, y are coefficients and 6 is a constant. 

EBP = a(1/DT RP ) + piog(RR) + yVR + 8 (6) 

where a, 0, y are coefficients and 5 is a constant. 
[0083] In the illustrated embodiment, every estimated 
blood pressure EBP is calculated according to only the 
single expression (2). However, an estimated blood 
pressure EBP may be calculated according one of a 
plurality of different expressions which corresponds to a 
reference blood pressure of the subject. The one 
expression is selected from the different expressions 
which respectively correspond to a plurality of blood- 
pressure ranges, in the same manner as the manner in 
which one group of coefficients is selected for the single 
expression (2). 

[0084] In the illustrated embodiment, at Steps SA8 
and SB7 corresponding to the coefficient determining 
means 82, the three coefficients a, p, y are determined 
based on a reference blood pressure of the subject. 
However, only one or two of the three coefficients which 
influences or influence the estimated blood pressure 
EBP may be selected based on the reference blood 
pressure, and the others or other may be constant val- 
ues or value, because the influence of each coefficient 
on the estimated blood pressure EBP may change for 
the different blood-pressure ranges. 
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[0085] While in the illustrated embodiment the BP 
measuring means 96 employs the so-called oscillomet- 
ric method, it is possible to employ a Korotokoff-sound 
method which determines, as a systolic and a diastolic 
blood pressure value, respective cuff pressures at the $ 
time of occurrence and disappearance of Korotokoff 
sounds. 

[0086] In the illustrated embodiment, when the second 
judging means 94 (Step SB11) judges that each esti- 
mated blood pressure EBP does not fall within the sec- 10 
ond reference (alert) range (AT L - AT H ). the BP 
measuring means 96 (Step SA7) starts the blood pres- 
sure measurement using the cuff 10. However, the BP 
measuring means 96 may be modified to perform the 
blood pressure measurement when the state in which 15 
the estimated blood pressure EBP does not fall within 
the second reference range continues for a predeter- 
mined number of pulses or for a predetermined time 
duration. 

[0087] While in the illustrated embodiment the visible 20 
message indicating that the estimated blood pressure 
EBP does not fall within the first or second reference 
range is displayed on the CRT of the display 32 and the 
audible massage indicating that the estimated blood 
pressure EBP does not fall within the first or second ref- 25 
erence range is output from the speaker of the display 
32. either one of the visible and audible messages may 
be omitted. 

[0088] In the illustrated embodiment, the time DT RP is 
calculated based on the time difference between the R- 30 
wave of the ECG waveform and the minimum point of 
the waveform of the photoelectric pulse wave. However, 
the time DT RP may be calculated based on a time differ- 
ence between a Q-wave of the ECG waveform of each 
pulse and the minimum point of the waveform of a cor- 35 
responding pulse of the photoelectric pulse wave. 
[0089] In the illustrated embodiment, an estimated 
blood pressure EBP is determined based on the R-wave 
of the ECG waveform of each heartbeat-synchronous 
pulse and the waveform of a corresponding pulse of the 40 
photoelectric pulse wave. However, an estimated blood 
pressure EBP may be determined based on every sec- 
ond pulse, or so on. of the ECG waveform and every 
second pulse of the photoelectric pulse wave. 
[0090] It is to be understood that the present invention 45 
may be embodied with other changes and modifications 
that may occur to those skilled in the art without depart- 
ing from the scope of the invention. 

Claims so 

1 . An apparatus for monitoring a blood pressure of a 
living subject, comprising: 

first judging means (92. SB9) for judging ss 
whether a physical parameter which is 
obtained from the subject and which changes 
in relation with the blood pressure of the sub- 



ject falls within a first reference range; 
an alarm device (98. SB 10) which outputs an 
alarm when the first judging means makes a 
f irst negative judgment that the physical param- 
eter does not fall within the first reference 
range; 

second judging means (94. SB11) forjudging 
whether the physical parameter falls within a 
second reference range which is contained in 
the first reference range; and 
a blood-pressure measuring device (96. SA7) 
which includes a pressing band (10) adapted to 
press a portion of the subject, and which auto- 
matically measures, using the pressing band, a 
blood pressure of the subject when the second 
judging means makes a second negative judg- 
ment that the physical parameter does not fall 
within the second reference range. 

2. An apparatus according to claim 1 . further compris- 
ing: 

first means (70. SA2, SB2) for obtaining a time. 
DT, needed for a pulse wave to propagate 
between two different portions of an artery of 
the subject; 

second means (74. SA3, SB3) for obtaining a 
heart-beat period. RR. of the subject; 
third means (76. SA4, SB4) for obtaining a 
ratio. VR. of an area defined by a volume pulse 
wave from a peripheral portion of the subject, 
to the heart-beat period RR; and 
estimating means (80. SB5) for estimating, as 
the physical parameter of the subject, a blood 
pressure, EBP, of the subject, according to a 
predetermined relationship between (A) blood 
pressure EBP, and (B1) time DT, (B21) period 
RR, and (B22) ratio VR, defined by a following 
expression: 

EBP = a(1/DT) + pRR + yVR + 6 , where a, p, 
and y are predetermined coefficients and 8 is a 
predetermined constant, based on the 
obtained time DT, the obtained period RR, and 
the obtained ratio VR. 

3. An apparatus according to claim 2, further compris- 
ing a memory which stores data indicative of the 
coefficients a, p, y which are predetermined by 
applying a multiple regression analysis to a plurality 
of sets of information obtained from at least one liv- 
ing person, each of said sets of information com- 
prising a blood pressure obtained from the person, 
and a time DT. a period RR. and a ratio VR obtained 
from said person when the blood pressure is 
obtained from said person. 

4. An apparatus according to claim 2 or 3, further 
comprising means (82, SA8, SB7) for selecting, 
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from a plurality of groups of predetermined coeffi- 
cients which correspond to a plurality of blood-pres- 
sure ranges, respectively, one group of 
predetermined coefficients which corresponds to 
an estimated blood pressure of the subject esti- 5 
mated by the estimating means, so that the estimat- 
ing means estimates a subsequent blood pressure 
of the subject according to the expression including 
the selected group of coefficients. 

10 

5. An apparatus according to claim 2 or 3, further 
comprising means for selecting, from a plurality of 
groups of predetermined coefficients which corre- 
spond to a plurality of blood-pressure ranges, 
respectively, one group of predetermined coeffi- 15 
cients which corresponds to a blood pressure of the 
subject measured by the blood -pressure measuring 
device, so that the estimating means estimates a 
subsequent blood pressure of the subject accord- 
ing to the expression including the selected group 20 
of coefficients. 

6. An apparatus according to any one of claims 1 to 5, 
wherein the physical parameter of the subject is 
selected from the group consisting of a first param- 25 
eter relating to velocity of propagation of a pulse 
wave which propagates through an artery of the 
subject; a second parameter relating to heart rate 

of the subject; a third parameter relating to an area 
defined by a volume pulse wave obtained from a 30 
peripheral portion of the subject; a blood pressure 
estimated based on the first parameter and at least 
one of the second and third parameters; a rate of 
change of each of the first, second, and third 
parameters and the estimated blood pressure; and 35 
a percentage of an amount of change of each of the 
first, second, and third parameters and the esti- 
mated blood pressure, and wherein the apparatus 
further comprises a display device (32, 98, SB6) 
which displays, in a two-dimensional coordinate 40 
system defined by a first axis indicative of time and 
a second axis indicative of the physical parameter, 
successively obtained data indicative of the physi- 
cal parameter along the first axis, the display device 
displaying two first lines which are indicative of the 45 
upper and lower limits of the first reference range, 
respectively, and which are parallel to the first axis, 
and two second lines which are indicative of the 
upper and lower limits of the second reference 
range, respectively, and which are parallel to the so 
first axis. 



second reference range. 

8. An apparatus according to any one of claims 2 to 7, 
wherein the first means comprises: 

a first pulse-wave sensor and a second pulse- 
wave sensor which non-invasively detect the 
pulse wave from two different portions of the 
artery of the subject, respectively; and 
means for determining the time DT needed for 
the pulse wave to propagate between the two 
different portions. 

9. An apparatus according to claim 8, wherein the 
second means comprises means for determining, 
as the period RR, a time difference between 
respective predetermined points of successive two 
heartbeat-synchronous pulses of the pulse wave 
detected by one of the first and second pulse-wave 
sensors. 

10. An apparatus according to claim 8 or 9, wherein the 
third means comprises one of the first and second 
pulse-wave sensors, said one pulse-wave sensor 
detecting the volume pulse wave from the periph- 
eral portion of the subject. 

11. An apparatus according to any one of claims 8 to 
10. wherein the first and second pulse-wave sen- 
sors comprise an electrocardiograph (34) and a 
photoelectric oximeter (38). 



An apparatus according to any one of claims 1 to 6, 
further comprising an output device which outputs 
at least one of a visible message indicating that the 55 
physical parameter does not fall within the second 
reference range and an audible message indicating 
that the physical parameter does not fall within the 
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